The purpose of this study was to compare postural control and vertical jumping performance characteristics in adolescent and adult male basketball players. Forty nine male basketball players participated in this study. They were distributed into three groups: (1) young adolescents (YA; with mean age 15.4±0.7 yrs), (2) old adolescents (OA; 17.9±1.2 yrs), and (3) adults (AD; 25.9±3.7 yrs). Static standing balance during bi-and unipedal standing and vertical jumping characteristics were measured on a force platform. AD basketball players had significantly (p<0.05) higher vertical jumping height and power development per unit of body mass as compared to YA and OA group; OA group outperformed YA group as well. Static standing stability was better in AD group than YA and OA group. There were no significant differences between YA and OA groups in static standing balance test. Age and sports participation were significantly (p<0.05) positively correlated with vertical jumping height and power. Anthropometrical characteristics and sports participation were all significantly (p<0.05) negatively correlated with centre of pressure trace length during bi-and unipedal standing. No significant correlation was observed between balance and vertical jumping characteristics. It was concluded that in male basketball players the improvement in vertical jumping performance and static standing balance during bipedal stance are influenced by sports participation 90 T. Jallai et al. and maturation, whereas static standing balance during unipedal stance is not affected by aforementioned factors.
INTRODUCTION
Popular sports, like basketball have high performance demands on an athlete. On the other hand, the risk of sustaining sports injuries is high. Deficits in postural control and muscle power represent two important intrinsic injury risk factors [3, 8, 16] . Age and sports specific training can have an influential effect on these characteristics [5] . Higher-level basketball player is moderately strong, powerful and has a quick, explosive burst of speed, as well as good endurance to repeat it throughout the game [5, 6, 12] . Good flexibility, stability and balance are also required to help reduce the possible incidence of injury [13] . The literature suggests that there is an association between lack of balance [3, 16] , as well as deficits in muscle strength (lower limb power) and lower extremity injuries [8] . Impaired postural control manifests itself, for example, in prolonged latencies of lower extremity muscles during the compensation of unexpected perturbations. Deficits in muscle strength may cause an imbalance in muscular cocontraction of the ankle or knee joint resulting in reduced joint stiffness during high-load dynamic activities and increase the risk of an injury [11, 13, 16] .
The ability to control the balance of the body while standing is a complex and integrative processing from a variety of sensory and motor inputs [17] and is fundamental for different types of physical activities. It is a basis for further control and coordination of more complex movements and therefore has an important role in sports activities, such as basketball. Although Hobbs [9] concluded that neither dynamic nor static balance is a factor in basketball playing ability, other studies [14] found that performing high-level movements during practice and competition requires both static and dynamic balance. Scores of postural balance are frequently used to identify players with chronic ankle instability [4] . Balance is often measured by having subjects stand on a computerized force-platform. Centre of pressure (COP) motion is indicative of postural control and is measured from the ground reaction forces from a force platform. COP displacement is generally considered the gold standard measure of balance. The single-limb stance test on a force-platform is a reliable method [1, 2] and is commonly used for evaluation of functional instability and ankle ligament injuries [13, 15, 18] . Cross-sectional studies have found that athletes generally have superior balance ability compared with control subjects [11] . This implies that sport participation improves balance, although it varies between sports. Normally, sports training improves bipedal postural control and decreases the difference between static and dynamic balance. Studies have shown that basketball players have better balance than nonathletes, but worse than soccer players, especially in unipedal balance, because basketball players rarely engage in unilateral stationary balance, whereas soccer players often perform dynamic unilateral movements when kicking the ball [11] .
Success in many sports depends heavily upon the athleteʼs explosive leg power and muscular strength. An athlete must be able to use strength as quickly and forcefully as possible. For the purpose of athletic performance testing for basketball players, the vertical jump test has been shown to be the best predictor of playing time [10] . Variations of vertical jump are the most commonly employed measure for lower body explosive power or speed-strength performance.
The aim of this study was to compare postural control and vertical jumping performance characteristics between adolescent and adult male competitive basketball players.
METHODS

Subjects
A total of 49 male basketball players participated in the present study. The subjects were categorized into the following groups: (1) young adolescents (YA) represented players who competed in Estonian B and C league; (2) old adolescents (OA) represented players who competed in Estonian A league; and (3) adults (AD) represented players who competed in Estonian first league (Table 1 ). All subjects were confirmed to be healthy and allowed to participate in regular trainings by a medical doctor. Besides, each subject was screened by a questionnaire to exclude those with recent (up to 6 months) ankle sprains or other lower extremity or back complaints. BMI -body mass index
Experimental protocol
The subjects were scheduled for the testing one day after an easy practice or a recovery day. The purpose of the study and procedures were explained to the subjects and all questions were answered. Sex, age, sports participation and lower limb dominance (as determined by asking "Which foot would you use for take-off?") were recorded. After a light warm-up and stretching routine (10 min) the subjects were measured for body height and weight. The bi-and unipedal static balance testing was performed during standing barefoot on the force platform for 30 s. The subjects were familiarized with the positions before testing. The vertical jumping tests included 3 sets of squat jumps, countermovement jumps and drop jumps. The best results were used for data analysis. The drop jump box was set at 0.40 m for optimal drop height. To increase the validity of using vertical jump as a specific measure of lower body power, all vertical jump tests were performed without using the arms (keeping the hands on hips), excluding the contribution of upper limbs to vertical jump movement.
Statistical analysis
Standard statistical methods were used for the calculation of means, standard error of the means (±SE) and standard deviation (±SD). A Student unpaired t-test was used to measure differences between groups. Pearsonʼs product-moment correlation was determined between anthropometrical, postural control and vertical jumping characteristics. Statistical significance was accepted at p<0.05.
RESULTS
In all three groups there were significant differences (p<0.05) in age, body mass and sports participation in years (Table 1 ). AD group was significantly different (p<0.05) from YA and OA group in height. YA group was significantly different (p<0.05) from OA and AD group in BMI.
AD group had significantly higher vertical jumping height ( Figure  1 ) and power per unit of body mass (Figure 2 ) as compared to YA and OA group; OA group outperformed YA group as well (Figures 1 and  2) . In balance tests AD group had significantly lower COP trace length in bipedal stance than YA group and OA (Figure 3 ). There were no significant differences (p>0.05) between YA and OA group in balance tests (Figures 3 and 4) . Age and sports participation had medium to high correlations with vertical jumping performance characteristics (r=0.48 to 0.81, p<0.05) in different measured groups. Body mass and BMI were negatively correlated with vertical jumping height in all groups, having significant correlation in OA group (r=0.58 to 0.59, p<0.05). Age, sports participation and anthropometrical characteristics were all negatively correlated with bi-and unipedal COP trace length, but only anthropometrical characteristics had significant correlation (r=-0.46 to -0.80, p<0.05). No significant correlation was observed between balance and vertical jumping characteristics.
DISCUSSION
This study compared postural control and vertical jumping performance in three groups of male basketball players. Rates of growth and maturation can vary widely within a group of people of same chronological age. The difference of maturation in males in young and teenage groups and difference of anthropometrical characteristics of different playing positions in adolescent group made the groups less homogenous. Besides, basketball players have numerous smaller or bigger injuries throughout their athletic career, which they often do not mention. Thus, the interpretation of results, especially in balance testing, is complicated.
Age, height, body mass, BMI and sports participation correlated with vertical jumping and balance characteristics. Body mass and BMI had positive correlations with relative power in young adolescent and old adolescent groups, whereas these characteristics had negative correlations with relative power in adult group. This suggests that it is important to take into consideration body composition -"active and passive" body mass. Body mass and BMI had clearly negative effect on vertical jumping height in all groups. Negative correlation existed between balance and anthropometrical characteristics, as well as age and sports participation (number of years in basketball practice). Maturation and basketball specific practice improved jumping performance and balance, although no significant correlation existed between age, sports participation and balance. This implies that complimentary to basketball practice, a specific balance and coordination training can be beneficial. Static balance testing alone is probably not sufficient to state this as a proven conclusion. For future research, dynamic balance testing and body composition should be taken into consideration.
Squat jump is a standard test for concentric power production [5] . It is performed from a set squat depth without any countermovement. Countermovement jump is a standard test for combined concentric and stretch-shortening cycle (SSC) performance [5] . Drop jump test is used to assess lower limb reactive (speed-) strength and fast SSC performance [5] . Vertical jumping performance is affected by factors that are trainable and can be manipulated by the athlete (muscular power, coordination of muscles, body weight and composition) and features that cannot be influenced by the athlete (genetic make-up, muscle fibre type, central nervous system efficiency). High efficiency of vertical jump movement allows an athlete to generate the most amount of power with the least amount of effort. Basically the leaner the athletes are (low in body fat) and the less unnecessary muscle mass they have, the higher they are able to jump. Less weight means there is less power needed to jump the same height. Reactive strength is more impacted by body weight, including excess muscle mass. The speed of strength application is often broadly referred to as rate of force development and is an important attribute for vertical jumping performance [7] .
In conclusion, the present study indicated that in male basketball players the improvements in vertical jumping performance and static standing balance during bipedal stance are influenced by sports participation and maturation, whereas static standing balance during unipedal stance is not affected by aforementioned factors.
